The aim of the present work is to continue to improve the modeling of the high-pressure seal pads by two means. First, by using a set of governing equations that, unlike previous models, incorporates the inertial effects, including choking. This way, the additional approximations at the interface between two separate models are avoided. Second, since the flow may be choked, the equations are solved using a shock capturing numerical scheme. The method used in this case is the spacetime conservation element and solution element (CE/SE) scheme, which can accurately predict flows in thin films with discontinuities. Special attention is given to the choked flow cases, for which the flow becomes discontinuous near the exit boundary. The analysis should prove useful in the design process, and also in the general level of understanding the phenomena that occur in more severe cases.
INTRODUCTION
The CE/SE numerical method was developed at NASA Glenn Research Center, Cleveland, Ohio, by a work group led by S.C. Chang [1] . Today, the method is starting to be extensively used for many different problems governed by conservation equations [2] . It has been proven especially effective for situations involving discontinuities, such as shock and sound waves, detonation, and phase change; another example in this category is the compressible flow in fluid film lubrication problems [3] .
A previous [4] numerical analysis of high-pressure finger seals, shown in Fig. 1 , has considered a combination of two solvers. The first one was a quasi-one-dimensional solver that accounted for the fluid inertia effects, and was used on a set of stream tubes arranged in a fan pattern. The second one, starting from the results obtained in the first step, provided a solution for the Reynolds equation based on a finite-difference scheme. The two solvers were connected by the boundary conditions, i.e. the flow provided by one solver was used to provide the conditions of the second solver.
ANALYSIS
In this work the governing equations are replaced by a set of equations derived by Constantinescu [5] . These equations have been adapted in an appropriate manner for the numerical formulation [3] , resulting in a set of three coupled conditions corresponding to continuity and momentum conservation in two normal directions. The unknowns are the pressure (or density) and the mean pressure induced velocity components in longitudinal (runner) and transversal (axial) directions. The numerical code built upon this method was tested for the one dimensional flow in a plane slider, and also for the twodimensional flow in a journal gas bearing, both at low and high speeds. For the particular problem of the choked flow in padded finger seals, the appropriate boundary conditions were rebuilt and also the code adapted to be able to incorporate these conditions. The geometry is shown in Fig. 2 , where c is the minimum film thickness, h c -c indicates the film convergence (in the runner direction), and h t -c is the taper (in the axial direction). The pressurized flow inlet was calculated starting from the imposed upstream semi-stagnation pressure and temperature (the upstream flow is considered to rotate with half of the velocity of the runner, and given pressure and temperature values), and then going through an isentropic process up to the inlet conditions. Thus the actual inlet (and exit) conditions depend both on the quasi-stagnation conditions and also on the conditions inside the fluid film flow. A difficulty arises at the two ends of the high pressure boundary (points E and F in Fig. 2 ). These two 
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points are both on the high and low pressure sides of the computational domain, and therefore the conditions in these points are not uniquely defined. Because of the high (infinite) pressure gradients in these regions, some local numerical wiggles or even convergence problems, are expected.
RESULTS
A comparison of the pad load calculated using the CE/SE method with the calculations using a combination of two models [4] , denoted by AREAX/GCYLT, is presented in Fig. 3 . The velocity of the runner is 400 m/s, and the convergence in the motion direction is 0.025 mm, without taper in the pressure direction. The pad was square with L = B = 7.5 mm. The sealed fluid was air at 600 0 C with downstream pressure of 1 atmosphere and upstream pressure of 2 and 5 atmospheres absolute; thus the pressure ratio across the seal, P S was 2 or 5.
The results for the smaller supply pressure, P S = 2, are in very good agreement. On the other hand, for a higher supply pressure, P S = 5, a case in which the inertial effects become more important, the results differ; the present method indicates smaller load capacities. This tendency accentuates the general trend that the load capacity decreases when inertial effects are included [4] .
One important question that arises is whether choking conditions are attained. An examination of the pressure distribution on the pad surface, Fig.  4 , shows that no discontinuity is present at the exit (except near the corners) even for the higher value of the supply pressure up to a minimum film thickness of 0.05 mm. However, when the supply pressure increases and/or the circumferential size, B, increases relative to the axial size, L, the flow may become discontinuous near the low pressure side. An example of the pressure distribution for 2L = B = 15 mm and P S = 7 is shown in Fig. 5 . The convergence and taper are the same as in the previous case. Some numerical dissipation is visible, since the discontinuity is not very sharp, but develops across about 3 cell rows; however it is important to note that no special numerical treatment or any other assumptions about its existence, intensity, or position were made while developing the solution. Compared to a solution for which no discontinuity is captured, this solution will provide higher load capacities. This fact could be an explanation for the disparities between the two methods compared in Fig. 3 . Also, this suggests that wider (in the runner direction) finger seals, by having a higher chance to develop this kind of flow, will also have relative higher load capacities. An optimization study can be done in this case. A possible model improvement relates to the inclusion of the turbulence effects into the equations. The changes in the results are expected to be small considering that the general character of the equations will be conserved.
CONCLUSIONS
The work compares results obtained using the CE/SE numerical method with published results. The similarities and also the differences between the calculated global performance parameters of the pads using two different methods are highlighted and explained. Special attention is given to the choked flow cases, for which the flow becomes discontinuous near the exit boundary. The work shows the shape of the pressure distribution in such cases, and discusses some of the impact on the global performance parameters. Limitations and further model improvements are suggested. The analysis should prove useful in the design process, and also in the general level of understanding the phenomena that occur in more severe cases. 
